Abstract: Perforation is the rarest complication of the duodenal diverticulum (DD), but it is the most serious complication. Mortality rate was reported up to 30%, which may be related to diagnostic delay because the symptoms of the perforated DD are vague and nonspecific. Therefore, accurate diagnosis is important to improve the clinical outcome. Surgical treatment was considered as the standard therapeutic option. However, surgical intervention may increase morbidity and mortality due to surgical complications. Therefore, nonoperative management can be considered in some patients with perforated diverticulum who have stable vital signs without generalized peritonitis, or in elderly patients with comorbidities. Several case reports of nonoperative management of perforated DD have been reported. Herein, we describe a patient with perforated DD diagnosed based on a computed tomography scan, who was successfully treated with conservative treatment.
Introduction
The prevalence of duodenal diverticulum (DD) has been found to be as high as 22% in autopsy series; 1 however, most cases are asymptomatic. DD can be diagnosed when a diverticula-related complication develops. Perforation is a rare complication; however, it is the most serious complication of DD and associated with a mortality rate of up to 30%. 2 Choosing the proper treatment is most important, and physicians are faced with the problem of deciding which treatment to perform. Surgical management as the treatment of perforated DD has been selected according to many published case reports. [3] [4] [5] However, surgical intervention may increase morbidity and mortality due to surgical complications, such as bile duct injury, pancreatitis, duodenal leak, or fistula, abscess, and persistent sepsis. Therefore, nonoperative management can be considered in some patients with perforated diverticulum who have stable vital signs without generalized peritonitis or in elderly patients with comorbidities. 6 Several case reports of nonoperative management of perforated DD have been reported. 7, 8 Herein, we describe a patient with perforated DD diagnosed based on a computed tomography (CT) scan, who was successfully treated with conservative treatment.
Case report
A 68-year-old man presented to the emergency department with a 4-day history of abdominal pain. He described a sharp pain in the right upper abdomen and epigastrium that developed after eating, and he had dull pain in the middle of his upper back. Four hours before admission, the pain became more severe. Additionally, he began to have fever, chills, and vomiting. On arrival, his vital signs were as follows: body temperature, 40.2°C; heart rate, 90 beats/ min; blood pressure, 140/80 mmHg; and respiratory rate, 20 breaths/min. The physical examination revealed pain on palpation of the right upper abdomen and epigastrium without signs of peritoneal irritation. Blood test results showed the following: white blood cell count, 11,240 cells/µL; C-reactive protein (CRP) level, 23.33 mg/dL; procalcitonin (PCT) level, 1.88 ng/mL; and interleukin-6 level, 30.3 pg/mL. Abdominal CT was performed, and the scan showed loculated fluid collection with abundant air bubbles around the second and third portions of the duodenum in the anterior pararenal space ( Figure 1 ). He was admitted because of suspected DD perforation and received intravenous broad-spectrum antibiotics (piperacillin/tazobactam [4.5 g every 6 hours for 10 days] and metronidazole [500 mg every 8 hours for 5 days]) and bowel rest initially. After conservative treatment, his clinical conditions improved and the laboratory findings improved. He received total parenteral nutrition and continued nothing by mouth. He had an uneventful clinical course. On the seventh hospital day, follow-up CT was performed. The CT scan showed improvement in edematous duodenal wall thickness and loculated fluid collection, but air bubbles remained around the second portion of the duodenum. Therefore, we decided to maintain conservative management. On the 14th hospital day, the follow-up CT scan showed the near complete resolution of perforated DD (Figure 2) . The patient's oral intake of food and drink started with sips of water and gradually proceeded to diet. He was discharged on hospital day 17 without complications. Two weeks later, he did not complain of any symptoms in the outpatient clinic.
Ethical statement
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Discussion
Perforation of the DD is the rarest but most serious complication of the diverticulum. The most common causes of perforation are diverticulitis, enterolithiasis, ulceration, and 
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Conservative treatment of duodenal diverticulitis perforation: a case report foreign bodies. 9 Acute symptoms associated with gastrointestinal (GI) tract perforation depend on the nature and location of the GI spillage. The duodenum is mostly located in the retroperitoneum, and the DD is mostly present in the second portion of the duodenum. The DD usually perforates the retroperitoneum, and the presentation of this condition may be subtler and thus be difficult to diagnose because of the lack of generalized peritonitis. 10 Therefore, a patient's abdominal examination can be relatively normal initially or reveal only mild focal tenderness, as in the case of contained or retroperitoneal perforation. Retroperitoneal GI tract perforation often leads to back pain due to the anatomical location, and sometimes diverticular perforation presents with acute pain, followed by nausea and vomiting. 11 Generally, compared to other complications of the diverticulum, diverticular perforation most often requires operation. Preferentially, surgical intervention should be considered in unstable patients (eg, those diagnosed as having panperitonitis or a septic condition and patients who do not show rapid improvement with nonoperative management). However, morbidity and mortality might increase in patients who receive surgical treatment because of the occurrence of surgical complications, eg, bile duct injury, pancreatitis, fistula, abscess, and persistent sepsis. If a patient's vital status is stable and perforation occurs without evidence of gross contamination, conservative treatment can be chosen initially. 8 For example, diverticular microperforation, ie, contained perforation, which is only evident by the presence of air bubbles outside of the bowel wall on an abdominal CT scan, can be treated with intravenous antibiotics and bowel rest in a manner similar to that for patients with uncomplicated diverticulitis. Close clinical observation and frequent physical examinations should be performed to detect the evidence of disease progression. Additionally, serial follow-up examinations of inflammatory markers, eg, the complete blood count, CRP level, and PCT level, might be helpful when providing conservative treatment. The CRP level increases in acute diverticulitis and correlates with the severity of diverticulitis. Käser et al 12 found that a high CRP level is a strong indicator of diverticulitis perforation. In addition, Ridgway et al 13 suggested that the CRP level was strongly correlated with the resolution of symptoms and to be a marker for assessing the response to conservative treatment. Several studies have mentioned the advantage of using the PCT level as a biomarker of infection because it rapidly increases and reaches its peak within a very short time. 14, 15 Moreover, if the patient responds appropriately to the treatment, the PCT level returns to normal range faster. In our patient, the CRP and PCT levels were high initially; however, they returned to normal levels as the treatment progressed. The PCT level in combination with other biomarkers might be helpful tools to detect the patient's response to conservative treatment. Furthermore, if abdominal CT, which has helped improve the diagnosis of diverticulitis, is performed repeatedly, it can be helpful in predicting the outcome of treatment since it can be used to confirm resolution of the inflammatory process.
Surgical treatment is warranted for stable patients who do not show rapid improvement with conservative treatment and unstable patients with signs of diffuse peritonitis due to perforation. The standard operative treatment option is diverticulectomy, followed by simple closure of the site. Occasionally, simple intra-abdominal drainage is only performed at the site of abscess formation, but if substantial duodenal or retroperitoneal inflammation is present, a more complex procedure (eg, duodenal diversion, pyloric exclusion, gastro-enteric anastomosis, tube duodenostomy, and segmental duodenal resection or even pylorus-preserving Whipple) might be adequate. 16 
Conclusion
Conservative treatment may be useful in patients with earlystage perforated DD who have a good general condition without impending sepsis. Serial inflammatory markers at follow-up examinations and repeated CT are required to monitor the progression of inflammation. Surgical treatment is warranted when disease progression does not show rapid improvement with conservative management or the patient's status is unstable because of perforation.
